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We  have  demonstrated  two  fun^a 

^pvs:cTui:i  ~  »««. 

«2*~^52  s 

was  eliminated,  up  to^hT’v  dlscuss  the  physics  of  how^hOCh  ?ave  generate 

experiments  and  computer  simula7  °f  °Ur  pulse  Power  driver®  Shortenir 

these  pulse  shortening  •  emulations  investicanir.^  n  We  report  on 

year  co  cry  a^e“«I  iffUef-  »*  also  relorfo^our'o?”15''!8  “  <"•««* 
(up  co  500  nsec).  electron  beam  (to  600  nsec) PandSrf °puihe  £ominff 

1 •  INTRODUCTION 

of”rp°uni“ce““reS  *  Hi9h  R°”«  Microwave  mm 

has  a  shorter  time  duration LJ  Probiem  is  observed  when  the  soa5ces  is  that 

solutions  have  been  fou^d  to  *PPlied  h voltag^u^  *ated  rf  pulse 

°f  PU^  s  e  Shortening 

termination  of”£' electro^T  bM"  “'p“ju“’;«ion  loched-RKo 

nsec  to  becin  t-h=  rectron  beam  pulse  Ront,  UCe  rf  P°wer  to  the 
oscillators .  r  PUlse-  but  chat  is  a  oo-amln^haJacciri^rofseU  15° 


2. 


the  INJECTION  LOCKED-RKO 


n  .  - 

Our  version  of  the  RKO  h  , 

^  af-Synsl^ci;  below 

has  the  electric  field  ^  ^  cav^ty  system  with  two  ntles  separated  by 
«>e  electric  Leld  ^ci^f^f1  in  O-  “o  rf  gaB"  "°d  = '  The  firsc  "°da 
system  is  unstable  onlv  1  al^ei  in  the  two  rf  cans  mu*16  second  mode  has 
P^allel  in  both  modSt fna  11110  flrSt  mode  ^th^Se'rf  ^  T?led  CavitV 
magnetron  to  provide  ^  5  gaps*  The  first  cavitv  ff  ®lecCric  field 

excited  without  competitiPr°rr  initial  condition  for  tS^T  ^  “  eXternal 
Produces  a  modulaSS  rf  1?  from  the  ™  mode  Thi 7  ™  ^  m°de  to  be 

.  -re-  on  the  electron  beam  of^rdtrT^o^t 
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kinetic  enerov  ®ver'  d^e  to  the  high  space  charge  reduction  of  the 
inserted  a  cSLX  m'!ch  klnetic  energy  remains  to  extract  rf  power.  We 
change  the  bounds  J"onductor  t3l  following  the  coupled  cavity  system  to 
also  employed  aXlLiX  ltl0n  °n  the . raodulated  beam.  The  center  conductor 

electric  field  to  Sive  XI  °P*0*lte  the  tractor  gap  to  allow  the  axial 
Fig,  i,  arive  the  output  transmission  line.  The  RKO  is  shown  in 

thehIlIctroInbS^acurieIt12owId^CaXS  a  constant  aPPlied  voltage 

typical  diode  collanco  9^rows  in  time.  Initially,  this  was  believed  to  be 
applied  electriXfilld However'  during  a  brief  experiment  where  the 
the  current  became  m  Was  lncreased*  by  decreasing  the  anode-cathode  gap, 
XLXXXst  XXL  *  C°nstant-  Thia  ab°ws  that  the  increase  in  the 
cathode  The  raimiX13^  Wlth  3  growth  in  che  emission  area  of  the 

shortening,  at  XLt  tXtXXoo33  f< Dund. Co  ?e  the  source  of  the  pulse 

least  to  the  300  nsec  pulse  length  available  from  our  pulser. 

Ift^XfLreXIncyXiS  vfriatilf  ^  t°  deterndne  the  change 

that  a  variation  in  eicLlXfX  X  f  elec5ron  beam  current.  One  finds 
will  cause  enoucrh  0f  a  f  two  t0  t^aree  ^  in  the  electron  beam  current 

to  no  longer  be  resonant XiXXh  change  due  C°  beam  loading  of  the  cavities 
system.  We  verified  XL  the  unstable  mode  of  the  coupled  cavity 

external  magnetron  freauenXnClUS1°n>  X  3  XfleS  °f  experiments  where  the 
modulation  XXXL  XXXXX*5  X”***  electron  beam 

freouencv  was  iXlL  LX  g  beam  current  as  the  magnetron  drive 

<3U  y  increased  from  the  unstable  coupled  cavity  frequency. 

XLXXsL^fXLXtrseXrfrX^^r^111?  With  thS  electron  bearo  current 
bulk  carbon  tip  XdX  XIIXL  -X^X  tlp?‘  ^  of  biPs  were  a 

Iodide  salt  arrannorf  ..  with  carbon  fibers  coated  with  Cesium- 

provided  a  mXhX£f  X  \cyllnder  ar°und  the  steel  tip.  These  two  cathodes 
tX  cXhL  L  I  COnstant  current  for  applied  fields  of  order  100  kV/cm 

bl^  pu IsT  CXe°cLbX1f?h  3  10  XXUlSS  With  *5  ^  °f  varia^°u  during  the 
of  variation  SriS  the  S^nS^ 8.5  1*  with  lest  than  11* 
produce  an  rf  nulsl  X  b  Pulse.  The  carbon  cathode  drove  the  RKO  to 

the  rf  pulse  XrminatedXlXhlX  ^  5  ^  3X1(1  integrated  energy  of  170  J,  and 
power  to  beam  power  was  3  0%  XSdXh!!!  PUlSS  en~L  •  The  measured  ratio  of  rf 
fiber  cathode  driven  RKoXLXL  h  i  efflclency  was  15%.  The  carbon 

because  the  beal  cSrXt  3  ^  P°Wfr>  longer  Nation  pulse 

to  an  atto?£iI  ^  ^  “th°dS  ~ 


3. 


THE  HARD-TUBE  MILO 


adjacent  ilvitilT^Th^mldullV'T  ?hi?  geilerates  a  ^-Phase  shift  between 

;  modulated  electron  beam  is  formed  as  the 

XSfic^tLrXllXL'10”  ?Xfi  driftS  beneath  the  cavities.  Because  of 
JeXilnXf  th t  Sin  4  shoft3ning  (See  Fig*  3)  obs®tved  in  the  original 
In  sXXLs  bLXd°rat0ry  MIL°  C6'7]'  ifc  was  decided  to  huild  an 

finger  stock  rf  joints  which^3100!,^  thS  vUbe'  ThlS  eliminates  all  the 
MILO,  plus  it  gives  us  the  -JnfJ  sbow^  to  breakdown  in  both  the  RKO  and  the 
conditioning  techniques  such  a  y  °  investigate  the  impact  of  conventional 

the  power  aSd  puK^enLSST, ttSoT  **  Cl8“in3 


Iheitriseco^;d“ofCLoechok«  the  “ard-T“be  «IL0  (HTMILO),  is  shown  in  Fig. 

posea  ot  two  choke  cavities  which  provide  a  well  defined  rf 


82 


structure?  extractor f gap J^mc^coaxifi  tra^el ing  wave-  a  four  cavity  slow-wave 
cavities  have  a  diffe?e£;  Sssb “S^or/bea a  dump.  The  choke 
backward  traveling  wave  i^the  Dronp^h^  ^IL0  cavities  ^d  so  reflect  the 
forward  traveling  wave.  The  htmttS  f  p^ase  to  constructively  add  to  the 
in  two  respects.  First  of  all  the  1Cal  t0  the  oriSinai  tube  except 

wavelength  stubs  rather  than  bv  supported  by  six  quarter- 

outer  conductor  wall.  Second^  the  i^rr lng  gravit^  contact  with  the 
the  choke  vane  region,  while  th4  origS  MT?JS>,Vapered  cathode  shank  in 
over  the  entire  length  of  the  tube  Both  255  had  f  <=onstant-radius  cathode 
which  runs  from  the  upsteam  edSe  of  employee  a  velvet  cathode 

end  of  the  cathode  shank  We  1fft  choke  vane  to  the  downstream 

the  choke  vane  region  allowed  the  HTMILO  changing  to  a  tapered  shank  in 

GW,  while  tripling  the  pulse  d^t^^o™  °UCPU,:  P°”er  “  ^ 

Si'S  under 

original  MILO.  By  using  silicon  PIN  hS  ^  in  PerforTOa*ce  over  the 
(1)  the  x-ray  signature  of  the  last  chtlt  detectors'  we  observed  that 

beam  pulse,  and  (2)  the  x-ray  signatured  ^  WfS  increasin^  laCe  in  the 
falling  well  before  the  end  of  tS  f,  ***  electron  beam  dump  was 

indicated  that  magnetic  insulft-^  beam  pulse.  These  two  pieces  of  data 
In  addition,  we  o£erad“!ray s?"™* l0S?  late  “  *=«»■”  pulse, 

similar  to  that  from  the  last^hokS  i  fJ?m  ^  firSt  tWO  choke  vanes 

emission  was  occurring  in  this  recrinn  eradicating  that  unwanted  electron 
and  some  electrostatic  calculations  of  ^°llowing  several _ Pic  simulations 

tha£  jhe  eiecCric  field  was  sufficient  to  causp1^1  ai?ctric  fields,  we  found 
cathode  shank  below  the  choke  vanes  Bv  of emission  from  the  bare  metal 
geometry  under  the  choke  vanes  (sel'n^f  papering  the  cathode 

spurious  electron  emission  iimr^rfhh  /  an?.5)'  we  eliminated  this 
insulated  flow,  and  enabled  the  rf  Jaunching  of  the  magnetically 

conclusion  of  the  electron  p^tse. ,°“  al"OSt;  “  th* 


CONCLUSIONS  AND  FUTURE  WORK 


^ t  this  time  both  the  r\  j  •  ■  , 

Which  terminate  at  or  near  the  R^°  produce  rf  pulses 

complete  upgrades  to  our  present  Dulse^Lfi  C  ”  beam  pulse*  We  will  soon 
parameters :  500  kV,  5  Q  600  ^o  Z  *  SyStein  t0  the 

electron  beam  and  rf  pulses.  The ‘rko ^il^b 1  if13*’1®  invesCi3ation  of  longer 
of  the  finger-stock  joints,  anf^hf^O  till*?**  t0  overco"*e  the  arcing 
extractor  plus  a  new  velvet  cathoX  ^Ve  311  optimized,  brazed 

performance.  We  are  also  planning  to  use  t  poin1zs  to  i^rove  its 

— -  -up  st  the 

the  HTMILO.  Center  of  the  Western  MURI  consortium  in  brazing 
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Fig.  Captions 

Fig.  1.  Drawing  of  the  injection- locked  RKO . 

cathode  d?ivL^“9  ““  High  P°Wer’  high  rf  P"lse  £r™»  the  carbon 

Fig.  3.  Rf  pulse  shortening  observed  in  original  MILO  [7]. 

Fig.  4.  The  Hard-Tube  MILO  experimental  configuration. 

configuratioif^d  fifU^atlon  results  for  (a)  the  original  HTMILO  cathode 
configuration  and  (b)  tapering  the  cathode  shank  under  the  choke  vanes. 

Fig.  6.  HTMILO  experimental  results  using  configuration  shown  in  Fig.  5b. 
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